Summary &horbar; An attempt was made to improve gene transfer into chick embryos in order to produce transgenic chickens. The (3-actin-lacZ/ MiwZ, a marker gene in transfection reagent, was injected into the blastodisc of either unincubated fertilized eggs (stage X) or eggs induced from the shell gland by treating the hens intravenously with oxytocin or arginine vasotocin (stages IV-VI). All the manipulated embryos were incubated to reach stage XIV, the period at which primordial germ cells (PGCs) migrate from the germinal crescent to the gonadal anlage via the blood stream. MiwZ was detected in the embryos, extraembryonic tissues and blood by the histochemical staining method of (3-galactosidase. The MiwZ DNA was detected in 57% (127/221) of the survival embryos and in 9% (12/127) of the embryonic tissues. The expression was observed mosaically in the epidermis, heart and neural tube. The PGCs in the blood collected from the vitelline artery or dorsal aorta also showed a positive histochemical staining. However, the expression of MiwZ using the soft shelled eggs was more intense in the extraembryonic tissues, although it did not emerge in the embryos. Thus 
INTRODUCTION
A complete culture system has been established for the chick embryo from the single cell stage of hatching (Perry, 1988) . This technique was a breakthrough for the investigation of developmental events at early embryonic periods in vitro, and it will be a useful method for analyzing embryogenesis, particularly at the molecular level. In fact, various methods have since been developed to produce transgenic chicken. Sang and Perry (1989) reported that foreign DNA was injected into the germinal disc of fertilized ova obtained from the magnum of the oviduct. Naito et al (1994) observed that the introduction of foreign DNA into the somatic and germ cells was successfully achieved by injection into the germinal disc of fertilized ova at the single cell stage. In these methods, however, the hens were sacrificied to obtain fertilized ova and most of the chick embryos expressed the DNA mosaically (Naito et al, 1991 In addition, Petitte et al (1990) (Otsuka et al, 1990) ; however, the rates of DNA transfection into the donor cells and their incorporation into the germlines were very low. Furthermore, y-irradiation of the recipient embryo, prior to injection of the donor cells, consistently yielded somatic and germline chimeric chickens (Carsience et al, 1993) . More recently, a technique using primordial germ cells (PGCs) as donor cells has been developed (Tajima et al, 1993) . With this technique, the PGCs are noted for manipulations of germlines, sexing and conservation of the genetic materials using the methods identical to embryonic stem cells in the mice.
In the present report, we have improved an exogenous gene transfer into the chick embryo by using fertilized eggs with hard shells. This method is advantageous in the production of transgenic chickens, because the gene transfer is easily achieved without sacrificing the hens, leading to higher hatchability.
MATERIALS AND METHODS
Preparation of the DNA solution Figure 1 shows the structure of the constructed plasmid MiwZ marker gene, which contains the E coli-!3-galactosidase gene (lacZ) under the control of RSV enhancer and the chicken (3-actin gene promoter/enhancer (Suemori et al, 1990 (Kuwana, 1993 (fig 3) .
On the one hand, the manipulated embryos (trials 1 and 2) were classified as single copy, mosaic and negative at stage XIV, demonstrating that the rates of MiwZ DNA detection as a single copy were 1.7% for trial I and 4.2% for trial 2, respectively ( (Thoraval et al, 1994 (Ginsburg and Eyal-Giladi, 1987) . However, the central area of blastodermic layers is a neural presumptive region and many cells in this area are destined to form the brain and the epidermis of the caput (Rudink, 1948) . In the experiment using the embryos obtained by premature oviposition, the expression was as intense as using the fertilized ovum at the single-cell stage (Naito et al, 1991 (Naito et al, 1994 
